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To the special case of Bhabha scattering we extend #heeak subtracted” representation previously
applied toe*e*—>ff_(f¢e). This allows us to analyze the process at any energy, while imposing in an
automatic way the constraints set by high-precision measurementszap#ak. The procedure turns out to be
particularly convenient in a search for a certain class of new physics effects at variable energy. A few examples
are considered, and the information thus obtained is combined with the corresponding information that can be
derived from the othee*e™ annihilation processes, both at pres@@ERN LEP2 and at future colliders. This
shows that the role of Bhabha scattering in this respect can be quite relevant.

PACS numbds): 12.15~y, 12.60-i, 13.10+q

[. INTRODUCTION prove the constraints on possible NP contributions, as illus-
trated in Sec. Ill. In Sec. 1V, we shall show in numerical
A convenient way of searching for virtual new physics applications that the gain thus obtained can be substantial.
effects in e"e™ annihilation processes was recently pro-
posed; it consists of the use of the so-called-geak sub-

tracted representation” that allows one to take into account Il. Z-PEAK SUBTRACTED REPRESENTATION
automatically the severe constraints imposed by the high- . .
precision measurements performed at thepeak by the We shall first summarize the results of tAepeak sub-

CERNe"e™ collider LEP1 and SLAC Linear Collideil]. ~ tracted representation, described in previous paji&sby
This is achieved by choosing as “theoretical input” the mea-writing the generaé™e™ —ff (f #e) scattering amplitude at
sured values of the partia widths I'; and of the effective  one loop as the sum of an effective photon and an effe@ive
weak angle sif¥e together with «(0). For eache®e™  amplitude with couplinggy;(a?,6), 97;(a% ), ga;(a%6),
—ff (f+e) annihilation process, all the one-loop standardwhere the index denotes either the initial electron=¢e) or
model (SM) or new physics(NP) effects are described by the final fermion {=f+e):
four functions of the energy (g% and of the scattering
angled which are subtracted af = M or atq?=0 in order
to take the inputs into account. We defer to Rd] for
further details. i
This procedure is especially suitable for the search of NP A(G?%,6)= 2v(e )y*902(q? 0)u(e™)
effects which grow with the energy. Various applications g
were made for supersymmetry, technicolor, anomalous —
gauge couplings, higheZ’ bosons, four-fermion contact “(f)hgm(qz’e)v(f)
terms and extra dimension®-6]. The description was
shown[6] to be particularly useful when the NP is charac- i o) gD (g
terized by an effective scale which is much higher than the q ~M2+iM sz v(e")y[9{(a?,0)
actual energy range afg?. In the particular case afniver-
sal #-independent effects, all the information on NP can be

(Z) 5 (Z)
then conveyed into three constants caligd, ,, that can be 2(a%,6)y*Ju(e”) u(f)yﬂ[g 0)
viewed as the generalization, beyond thpeak, of theT, S
[7], or e, 5 [8] descriptions. —9¥(0?,6)y°v(f) (2.2)

This representation was not yet applied to Bhabha scatter-
ing because of the complication generated by the presence of
t-channel photon and exchanges. The purpose of the The aforementioned inputs are taken into account by im-
present paper is to fill this lack. In Sec. Il the wha@eeak posing that the total amplitude takes the required value at
subtracted formalism can be extended to Bhabha scattering?=0 and aig?= M%. Following the method of Ref2], this
in a very natural way. This will allow one to use this process,amounts to using a subtraction procedure which allows one
together with the othee™e™ — ff processes, in order to im- to write
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- 3
0702, 0) = \A7a(0)Qq 1+ EAa,e«qz,a)}, B30
,[a(a?,6)—b(q? ,0)vellc(a? 0)—d(g? 0)vf]
1. - e’Q.
931(a% 0) = V4ma(0)Qs| 1+ EAa,ef(qzla)} R
Ref(qzia)
Y (a2 AN=a?.(a2 #)=
gAe(q 10) gAf(q !6) 07 , ) 47556§b(q2,0)d(q2,9)
=—(q°—M32) > ,
z 12, ~ 1 2 € sel st
Ove=Ye l3ele 1_§Ref(q ,0) (2.6)
- VI{(d?,0)
4se e 2 o
- ——|QVi(a% 0) |, ) [(q ,0)—b(92,0)v,]25,Ced(q2, )
Ve —(q°— ,
eQeISf
991(9%,0)= {304 1 ef(q ,0) VZ2(g%,6)
435, (- [c(q )~ (0% 0)v]2scCeb(q? .0)
= lQVaet.o) | T Q1150

In Ref.[2] and in the Appendix of Refl9] we gave an

expression of the general polarizede™ —ff differential
cross section in terms of these four functions. From this one
obtains, for example, the integrated cross sectignand the
(2.2) asymmetrieArg 1 andA g .
To generalize our approach to the césee, Bhabha scat-
tering, it is convenient to write the scattering amplitude at

Ghe(d?,0)= Vlzlae[l——Ref(q 0)

. :
Oar(a?,0)= yf’zlaf[l—ERe«qz,a)

with the Z-peak inputs one loop as the sum of twas{channel and-channel com-
ponents:
| 48aly ]2
Yi NEVIPEGEN (2.3) 2 2

NiMz(1+07) Aee=As(a7,0) + A(07,0). 27

and The procedure that we have illustrated in #iee™ — ff
~ — (f#e) case applies directly to the-channel part of the

v;=1-4|Qj[s;, (24 Bhabha amplitude. In this case we can drop the ingi&ras

e=f, and we haveV?(q?,6)=V?"(q? 60)=V(qg? 6), so
where s?=1-¢? is the weak effective angle measuredthat we only deal with three independent functions
through the forward-backward or polarization asymmetriesﬁa(qz,e), R(? 6), andV(g?,6).
in the final channe, EQEE#EET andN; is the color factor It is now straightforward to check that the same procedure
with QCD corrections at th& peak. can be applied step by step to thehannel component. In

The quantitiesA , o(92 6), Ru{(q?,6), ngz(qzyg)’ and full generality the latter can be written as
VZY(9?,6) contain all theq?- and #-dependent parts of the
scattering amplitude due to the SM or NP at one-loop. In our
approach, they consist of certain finite combinations of self-
energies, vertices, and boxes that argomatically gauge
independent.

Ag? e>——v<e+>wa(vyg<q2.o>v<e+>

— |
u(e”) 7,000 (@, 0)ueT) +
z

For an additional four-fermion amplitude,
_ ~(Z ~(Z
v(e")y[a(e%,6)~b(g%. 6)y*Ju(e™) - u(f)y,[c(2 6) v(e) v [ol(% 6) - (0%, 6) "]
—d(a2,60)y°Jv(f), (2.5 Xv<e*>U<e*>yﬂ[Evzf>(q2.a>
wherea, b, ¢, andd are O(a) quantities, one easily obtains —9'7(0% 0)y*Ju(e), 2.8
the corresponding projections on the photon @ndorentz
structures: with the t-channel effective couplings
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(P+u?)(1+02)°+403(u?—1?)
(1+09)%[(*~MH?*+M3T7]

97602, 6)=47ma(0)Q,

1+ 25 (q?
+§ a(qla)a

—~ o~ 2 ~2\2 ~2
- 1— 4sCo  — U (1+ve)"+4ve]
G0el(0%,0)= 72 et 1= R0, 6) ;eelequ,a)], - my)
2.9
29 X( 20N 1 )
. y 1 [(@®=MD?*+MIIZ] (t-M3Z)] |
Jae(d® 0)= e Ise[l—zR(qz,a)}
(2.12
where the new functiond (g2, 6), R(q2 6), andV(g?,6) do? | Bom L ar 2-1)
are obtained from the previowschannel functiongwithout ( i ) = 7a?q% > e Ve
ban by (q?—t) crossing relations, dcosf t* aMz/ (1+v2)t(t—M3)
" +( 3. \2  (1-v3)2 (213
qu,e)=[Za<q2,e>](q%t:—7(1—cosa>; aMz] (1+vD)*t=m9?]"
P \B 2,2 -
COSG—>1+2—q2 (2 1() (i) Orn:477a2u " Ui ( 3Fe) i2+1
t ) : dcosé q {(14_,}@) aMz/\ g%t
_ (@*-MH 1
and analogously foR andV. x [(qZ—M§)2+M§F§] : (t—M%)

The general expression of the polarized Bhabha differen-
tial cross section obtained from the sum of thehannelEq. 3l \2 1
(2.1)] and t-channel[Eq. (2.8)] amplitudes is given in the + M 2_M2)2+ M2r2
Appendix, in the form aMz] [[(a"=M2)"+Mz2I'z]

2(q°=M2) 1
1+ 2 viig
do C(1-PP’ dot 1+ PP’ do? (t—=M2) (t—M3)
dooss PP geoss T LT PP) Goosg (2.14
P
+(P'— P)m, (2.1)  and the one loop contributions of the three functions can be
written in a condensed way:
whereP andP’ are the initiale” ande™ polarizations.
We shall write the three differential cross sections as the( do*' \*) 7a® -
sum of a Born term and a one-loop contributiotg’ dcosd Z?{(t +u)G41(9%,9°)
=(d0’i)Bom+(da'i)(l).
The Born term is given by +(U?=1t%)G,(9%,g%) + U Gy(t,) + Gy(t,t)
+2G1(g%,t) +2G,(g?, 1)1}, (219
dot B ma® | t?+u? . u? . 2u2Jr2 ar,
dcoy)  d® | & "2 t? “laM, do? | (@
(m) =ma’q’[Gy(t,) = Gy(t,1)], (2.16

[U*= P+ 05U+ t9)])(9*~M2)
(1+02)d’[(q°~M3)>+ M3T7]

>—[G3(9%,0%) +G3(g3 )

( dof )(l) 4rau?

u? u?(g?>—M3) dcosé q
+ +
q2(t—-M2)  t[(g°—M%)?+M32I7] +Gs(t,q9) + Gs(t,1)], (2.17)
. u? . 3l \2 ith
tt-m2)| " am, W
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A (X)—R(Y) 83'Ecev ) A R 85‘*C"'v )
~ _ ~ X)— ——= — X)———= X
. )_Aa(x)+Aa(y)+(3Fe ;2 ol (y ;. (y . «(Y)—R(X) 5 ( _( e)z
1xy)= Xy aMz/(1+02) X(y—M3) y(x—M3) aMyz
R<x>+R<y>+ SeCe e[V<x>+V<y>]
X (1+ ) (2.18
(X_Mz)(y_Mz) , '
6xy) (3Fe 1 Za(x>—R<y>+Za<y>—R(x> (3re 2 4
X = -~ - i~
V= Gm (1+02)| x(y—M2) y(x=M3) aMz) (1+7v3)?
R(X)+R(y)+ = [V(X)+V(y)]
X ° , (2.19
(x—M2)(y—M2)
A R a5 Ceyy R(x) + R( )+4§eEQV( )+ SgeEeZGV( )
- — X = X =
- <3r) «(X)—=R(y) 5 (y)_<3re)2 y 5 (1132 y
Galxy)= (1+v3) ( | aMz x(y—M3) aMz (x=M2)(y—M?%) ’
(2.20
[
where we use a condensed notat{for x andy correspond- A, RV=(&,RV)SMt+ (R R,V)NP, (3.1

ing to g% or t) A,(g?), meaningA (g3 6), and A (t),

meaningA ,(q?,6); we use a similar notation fdR and V.
From the three previous quantitiés-*?”, we can com-
pute, for instance, the unpolarized angular distribution

do dot N do? 22
dcosd dcosd dcosh’ (2.2
the left-right polarization asymmetry
A 2 gy do” do 2
R(9% 0= G oosa dcosé|’ (2.22

and the new (L +RR)/(LR+RL+LL+RR) polarization
asymmetry which arises from the typidathannel scattering

amplitude:

Ill. APPLICATIONS TO SEVERAL NP MODELS

2 do

dcosé|’

do
d cosé

Ay(9?,60)= (2.23

A. Universal NP with a high scale

The previous representatidiqgs. (2.19-(2.20] contin-
ues to be valid in the presence @fiP) that does not add

and computes théNP) effects on the various observables,

once their contribution toX ,,R,V) is specified.

For a model of new physics that does not satisfy special
simplicity requests, the calculation of virtual effects in the
Bhabha scattering is affected by a proliferation of terms with

respect to the annihilation processe™ —ff, (f#e), as one
sees immediately from inspection of E42.15—(2.20. In
fact, after 6 integration, one will find in general a set of
different functions ofg? that correspond to each power &f
in the mtegrand Each set arises from #ir original func-

tions A, Aa, R, R, V, andV, which means to double
the correspondlng number of the casge. Although this
can be a purely computational problem, it obviously compli-
cates the practical treatment for this process.

The situation shows a drastic change for those models of
new physics that satisfy the requests of being, at the same
time, universal, independent of tilseandt channels scatter-
ing angle(e.g., only contributing self-energies and/or verti-
ce9, and endowed with an intrinsic scale “sufficiently”
larger thany/g?. In fact, in theZ-peak subtracted approach,
one has, by construction,

2,(0,0)=A,0,0)=R(M2,0)=R(M2,0)=V(M2,0)

=V(MZ2,6)=0. (3.2

extra Lorentz structures to those of the SM. In this case, onEor universal new physic8JNP) effects of the previously
simply decomposes the three general one-loop functions asonsidered type, one can then write the parametrization
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(_z)

RUNP(z)= —M2—[5z] (3.3
2

ey END (3.4

AYUNP(z)= —z[5y] (3.5

wherez=q?t.
The quantitiess; s ., will be in general unknown functions

PHYSICAL REVIEW D 62 053003

(3.9

of z For A>>z we can reasonably assume that the three

functions are smooth. This means that they could be well

approximated by the coefficient of thewestpower in ag?
expansion that i$;(0) whenevers;(0)#0 (this will be the
case in the two considered examplds this case, thesame

three parameters will describe the NP effects both onsthe
and t-channel observables. These parameters are also th

proccesses’e” —ff (f#e). This fact allows one to com-

The three constani;, &5, andé, depend on the chosen
model, and can be easily determlned in each separate case.
To show how this procedure works in practice, we shall pro-
vide the expressions of th& in a couple of specific cases
that meet our simplicity requests. With this aim, we have
8n5|dered the following models.

(1) Anomalous gauge couplings (AGC'a)Ve used the

constructed with dimension six operators respecting

bine the theoretical analysis of the two types of processeguy(2)x U(1) andCP invariance. As shown in Ref4], only

without an increase of parameterthus improving the accu-
racy of the conclusions that are reached.

The NP expression of the functioi%(x,y) in this case
acquires the simple form

~2
Ve

~2
1+vg

1 1 1
GllJNP(X,y):_Mz[ 55
4

+ -+
Xy aM,

( 3r,

1 N 1 ) (5+85ece5)
y-Mz) \7F g,

3re)2 8S.Cele
- 67+ = | O
(aMz z 1+v2 °

) (3.6

1
1402

5 1 N 1
Ix=M7 " y—M3

3r, \2
cxhﬂz

4p?
~2
(1+v2)?

X 5+4Secea ! + !
©be =Mz oy=m) [

3.7

two parametersf( and fpg) survive in theZ-peak sub-
tracted approach. The explicit expressions of the UNP con-
tribution to 87, &5, andé,, are

~2 =2

S

e e
~_2fDW+~_2fDB) )

e e

M2

6,=8ma Az
M2\ (¢ s

5328770[(/\_22)( efDW ~efDB)v
Se c

e

M3
572 _8’7Ta Xz‘ (fDW+fDB)'

(3.9
They satisfy the linear constraint
1-2s?
07— —==—0s+6,=0. (3.10
Sece

(2) Technicolor(TC). The second considered model was
one of technicolor type, with two families of strongly
coupled resonance¥ (andA) [5]. The typical UNP param-
eters are the two ratids, /M, andF,, /My, whereF , , and
M.y are the couplings and the masst®t in this case play
the role of the new physics scale’>q?) of the lightest
axial and vector resonances. The contributionssiq &,
andé, are
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s——2 11 2”22M§|:2 §F2
== | (1-25)2_FF2+ =
o R AT

27 ~ M%
552T(1_ZS§) WF\Z/,
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A, (0% 60)=

7Tq2 )
0.0,A? [7L(1-ve)(1—vy)

+ 7rr(1+ve)(1+ve)+ pr(l+ve)(1—vy)

+r(1—ve)(1+ve)],

SeCe \%
772 2 2
4sccem(g°—M3)

€%l 30l 3 A?

2 [

. ) . X[ L+ 7RR— MRL™ MLR]S
Again, we have a linear constraint in thé,(, Js,d,) space,

(3.19

deEeW( q2 -M %)

1-2s2 V’Z(q2,0)=—( [7L(1—ve)
65‘( B ) 22 @12 e°Qulgrh? )T
2S¢Ce
—nrr(1+ve) + nr(1+ve)
and the conditions — pr(l1-vo)],
67s>0, 6,<0 (3.13

25.Cem(0?—M3)
efolseA2
—nrr(1+vi)— r(l—v¢)

+ 7r(1+vg)].

[7(1—vy)

Val(a?,60)= —(

B. Nonuniversal examples

Strictly speaking, our procedure has been motivated by
the possibility of investigating models of a special universal
type, for which the number of parameters to be determined
can be suitably reduced. But there exist interesting models of . - .
NP that, although not of universal type, can be nevertheless?! €ach choice of chirality structure, likd, RR LR, RL,
described by a very restricted number of parameters. In thestVr ,AA' VA, andA\(, the effect_s on the d|fferent|_al Cross
special simple cases oirpeak subtracted procedure can beS€ction for two fermion production can be described by a
applied, without invoking any smoothness assumption, usin§"9!€ parameten. _ ,
the more general expressions of E¢s15—(2.20. In what In the case of Bhabha scattering, the constrajpi
follows, we have considered two cases that seem to us paj- 7Lr PPlies, so that the above expression can be put in the
ticularly relevant. These are: forms of Eqs.(3.3—(3.9), with

(3) Contact termsWith the idea of compositenegbut it ~
applies to any virtual NP effect with a high intrinsic scale, . 16555577'\/'%
for example higher vector boson exchanges, satisfyingZz™ — e2A?

) (7Lt 7rRR—271R]
chirality conservatio)) the interaction

45.ComM2
s= | T A7 [7L(1—ve) — nrr(1+ve) + 20 R],
(3.1

4 — — — .
L=kit 2 m (WL WDV y, YD) + 7re(VRY* Vi)
X (VLY PR+ np(PRy*PR) (V] y,Pl)

+ (VYO (Phy, Ph)}

2

TNz
(3.14 57:(W[nLL(l_Ue)Z"_77RR(1+Ue)2+277LR(1_U§)]-

was first introduced in Ref11] for any four-fermion inter- (4) Extra dimensionsRecently, intense activity has devel-
action (i —ff); k=3 for i=f, k=1 otherwise, ¥ oped concerning the possible low-energy effects of graviton
=(1— %) 2V, W= (1+y°)/2¥, and,, are phase factors exchange. The following matrix element for the four-fermion
defining the chirality structure of the interaction. Various ap-processe*e™ —ff [13] is predicted:
plications have been made for pure chiral cases=LL or
RRor LR orRL (keeping only oney; = +1), as well as for
mixed cases likeVV (7= 7rr=7rL.=7Lr=*1), AA
(7= 7rR= — RL= — MLr= 1), VA (9LL= — 7RR™ TRL
=—mr=%1), and AV (7=~ 7rr= ~ TRL™ TR (3.19)
==*1); see Ref[12] for a general discussion.

In the Z-peak subtracted representation, the effect of this  For this model, in the case of Bhabha scattering, one finds
interaction on the"e” —ff (f+e) observables is obtained the following contributions tos, ; s that, as one sees, are
through the following expressions: now genuineg?, § functions:

N
F[e’)’”efyuf(pz_ P1)-(Pa—P3)

—Ey“e?y”f(pz— P1).(Pa—P3),.]
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TABLE I. LEP2. 95% C.L. bounds 0#@;  ,, resulting from a global fit of combined LEP2 data. In the
first column, the observables included in the fit atg,, Agg , ., 05 and measured at 183 and 189 GeV. In
the second column, we add the Bhabha unpolarized differential cross settiome intervals of the cosine
of the scattering angleat 189 GeV. The last two columns show the improvement of the bounds when only
the forward(backward Bhabha scattering measurements are included.

Without Bhabha With all Bhabha Forward Backward
67 —0.001+£0.031 0.00640.028 0.006:0.03 0.001%*0.029
Os —0.004£0.032 —0.0087%0.031 —0.0084=0.032 —0.0057#0.031
o, —0.0022+0.0083 0.0001&0.0074 0.00014 0.0075 —0.0019+0.0081
)\szg (;g_z coso) ngtions of preliminary results of the four LEP .experiments
y:( G ) 5 , with the data collected at center of mass energies of 183 and
€ 189 GeV have been uséd4]. Although based on prelimi-

nary results, the combined measurements allow one to take

Ag?M3\ [ 16s2c2 advantage of the whole data sample produced at LEP2, and

52:_( A4 ) ez | (318 therefore to benefit from the reduced statistical error and

from the proper treatment of the various sources of experi-
) mental systematic uncertainty. A measurement of the differ-

ential cross section for Bhabha scattering with a collinearity
smaller that 10° has been recently performed with a data
. . i i . ~ sample of approximately 180 pb at a center-of-mass en-
lllustrations will be given in Sec. IV with the normalization ergy of 189 GeV[15]. The differential cross section is mea-

- 2 i i i e o
A==1. Note that they” factor is purely kinematical, and & gyred in nine uniform intervals of the polar angle of the
consequence of the higher dimension of the interaction Lagcattered electron, c@s-, in the rangg—0.9, 0.9. The pre-
grangian. Note also the presence of a term proportional t@isjon of the measurement, which is limited primarily by the
q° cosg in the s-channel photon coefficierd, , which gives  staistical uncertainty, reaches the level of 1% in the interval
a contribution proportional to+2qg= in the t channel, ac-  f most forward scattering angles.
cording to Eq(2.10. This contribution will turn out to have  Thjs measurement, together with the combined results on
the largest effect through the interference with the standarghon, tau, and hadronic observables, has been compared to
photon exchange amplitude. . _ the standard model prediction corresponding to the experi-

_Our theoretical description of new physics effects is atmental signal definition. The deviations of the measurement
this point concluded. Section IV will be devoted to a detailedyjth respect to the standard model expectations have then
the involved parameters by the presénEP2) and future, ands,, with a x? fit. In the fit procedure the uncertainty on
using both Bhabha scattering and all the remaingrig the reference standard model prediction itself must be taken
—ff processes. into account. The theoretical uncertainties on the standard
model predictions for fermion pair production at LEP2 ener-
gies are mainly related to the estimate of the large QED

IV. NUMERICAL RESULTS corrections. In the case of "™, 777, andqq production,
the differences between predictions of several semianalytic
or Monte Carlo calculationgl6-18 for cross sections and
As a first application of our approach, we have used somasymmetries are smaller than 1% and, therefore, they are
of the LEP2 results on fermion pair production in order tonegligible with respect to the experimental error. In the
constrain the set of constanis  , which fully describes the Bhabha scattering process the different prograh?s19,2Q
effects of general universal new physics. In particular, in thegproviding the standard model predictions compare with each
same spirit of a previous studg], we have considered the other at the level of 2% in the experimental acceptance.
following “non-Bhabha™ observabless, , (the cross sec- Therefore, in our study, we have assigned a 2% uncertainty
tion for u and 7 pair production, Agg , . (the related to the reference standard model prediction for the Bhabha
forward-backward asymmetrigsand o5 (the cross section differential cross section. This uncertainty reflects an error
for production of quark pairs, for the five light flavors acces-larger than the experimental one in the region of forward
sible at LEP energigsIn addition to these observables we scattering, which, as will be discussed in the following, is the
have included the unpolarized differential Bhabha cross seanost sensitive to new physics effectsdr.
tion, measured in intervals of the cosine of the polar angle of The results of the analysis are shown in Table I. As one
the scattered electron. For the muon and tau cross sectiosses, the addition of Bhabha scattering improves, although
and asymmetries and for the hadronic cross section, combiot spectacularly, the bound ah, which is constrained by

AG?M2)\ [ 4S.Cove
0s= A4 a2

A. LEP2 (present and future)
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TABLE Il. LEP2. 95% C.L. bounds ow; ; ., resulting from a global fit of the simulated forthcoming
combined LEP2 data. The observables included in the fitoare, Agg , ., andos at 183, 189, and 200
GeV, and, in the second column, the nine angular measurements of the Bhabha unpolarized cross section at
189 and 200 GeV. For all the observables we assume that the measurements are coincident with the standard
model predictions. The errors are the experimental ones at 183 and 189 GeV. At 200 GeV, the errors are the
statistical ones associated with a 400-plntegrated luminosity per experiment with or withdsecond and
third columns a 2% theoretical error on Bhabha scattering.

Without Bhabha With all Bhabha and 2% th. err With all Bhabha
o7 0.014 0.012 0.012
S 0.015 0.013 0.013
) 0.0038 0.0034 0.0028

the data in the forward-scattering angle region, where thavith the qualitative expectations, the role of Bhabha scatter-
Bhabha cross section is dominated by trehannel photon ing is now definitely more relevant in the determination of
exchange contribution. It is interesting to take in mind thatthe bound for the photonic paramet&@y.

at present, the sensitivity to NP effects in the forward The same two analyses have been performed for the two
Bhabha cross section is spoiled by the theoretical uncertainty,odels involving contact terms and extra dimensions. The
on the standard model theoretical prediction, which domiyesylts are presented in Tables Ill and IV. For what concerns

Satesd O‘F]er thle efxp;](_arimental error. ShOL:(ljd this 'erot; be réme contact terms, one should first note that the values of the
uced, the role of this measurement would certainly be more |\~ frone" e~ u* - .qq (without Bhabha

relevant. i LR .
scattering depend strongly on the chirality structure. This

To give a more quantitative meaning to the latter claim, X ; .
we have simulated a forthcoming measurement at 200 Gegomes from the interference of the contact amplitude with

with an overall 400-pb® luminosity for each experiment, e standardy andZ exchange amplitudes, which is larger
and repeated the previous analysis adding these future data¥'en the chirality structures of both amplitudes are close to
those available at 183 and 189 GeV. For consistency, w&ach other. In particular th€A bound is found very low,
have assumed in all three sets of data a central value coindpecause the standavth amplitude is depressed by the small
dent with the SM prediction. The errors are those available a€e" e~ vector coupling. One then sees that the effect of the
183 and 189 GeV. At 200 GeV we considered two scenariodghabha process on these bounds is generally modest. An
one with purely statistical errors and one with their combi-opposite situation appears for the case of extra dimensions,
nation with a 2% theoretical error on Bhabha scattering. Thavhere the bulk of the effect is provided by the “forward”
difference between the two cases mainly affects the forwarddata. As already mentioned in Sec. ll[Bee(4)], the largest
scattering cone and therefofg . The results of this second effect on the differential cross section comes from the inter-
analysis are shown in Table Il. As one sees, in agreemerierence of the standard photon exchange with the extra di-
mension terms both in thiechannel, followed by a term in
TABLE lIl. LEP2. Bounds on a nonuniversal new physics scalemixed s andt channels; the term in tws channels is much
at 95% C.L. resulting from a global fit of the present combinedsmaller. Once again, this is more clearly visible in the analy-
LEP2 data. We consider the models of contact interactionthe  sis that uses the future data at 200 GeV; in this case one
eight cased L, RR LR, RL, VV, AA, AV, andVA) and extra  assumes no theoretical error in the Bhabha component.
dimensions discussed in the paper. The data sets used for the fit are A|| the numerical results exhibited in Tables | and Il can
the same as in Taple |. Since the central value for [E/_not z_ero, be represented graphically. In Figs. 1 and 2 we show the
xeoscha(;"gxiygng'xi%ntrzzuzgﬁvfg\| that are obtained in the 5 ar ellipses that are obtained by projecting onto the three
- fesp y- planes ¢;,5,), (87,8,), and (57, 55) the 95% C.L. allowed

Without Bhabha With all Bhabha Forward Backward threejdimensional region resulting from a global fit of all
data in terms of the three parameteks; ,. For complete-

A 10-9.9 11-9.2 11-9.2  10-9.8 ness, we also show the results for the two representative
ARrr 7.7-12 8.7-10 8.7-10 7.8-12 AGC and TC models. As a very preliminary comment con-
AR 6.5-9.2 16-7.8 14-7.3  8.2-9.2 cerning the latter cases, we can note that, although at a rather
AgrL 7.2-15 12-9.7 11-95 8.3-13 qualitative level, LEP2 data apparently do not particularly
Ayy 13-20 17-16 16-16 13-20  support the considered TC theoretical proposal that would
Aan 16-13 14-14 14-14 15-13 require 6>0.

Apy 17-8.7 17-8.7 17-8.7 17-8.7

Aya 4-3.3 4.2-3.2 4.2-3.2 4-3.3 B. LC analyses

Aep 0.69-0.75 0.82-2.2 0.8-1.9 0.77-0.9 This analysis has been performed in a spirit that is very

similar to that used for the future 200-GeV LEP2 analyses.
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TABLE IV. LEP2. Bounds on a nonuniversal new physics scale at 95% C.L. resulting from a global fit
of the simulated forthcoming combined final LEP2 data. Data sets are chosen as in Table II.

Without Bhabha

With all Bhabha and 2% th. err

With all Bhabha

AL 15 15 16
Arg 13 14 15
ALk 11 16 18
ArL 13 17 18
Ayy 22 24 27
Apa 21 21 22
Apy 16 16 16
Avya 5.2 5.2 5.3
Aep 0.89 1.2 1.4

In other words, we have assumed a set of measurements gibn of the important role of this observable can be found in
Jg?=500 GeV whose central values agree with the SM preRef. [21]. Of course, in principle other measurements, e.g.,
dictions, and postulated a purely statistical error correspondor final b or t quarks could be used. We have also assumed

ing to a high luminosity of 500 fb'. We have added to the nine angular Bhabha measurements for all the three different

previous LEP2 “non-Bhabha” observables the longitudinalobservables ¢, o', and ¢”) defined in Sec. Il. More pre-

polarization asymmetr, g for lepton production. A discus-
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0.01

& 0

-0.01
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cisely, in each bifl 6,,i,, 0maxl, We have considered

FIG. 1. Two-dimensional pro-
jections of the 95% C.L. allowed
region in theds ; , space from a
global fit of LEP2 results on two
fermion production. The observ-
ables included in the fit are, .,
Agg,,,»» andos measured at 183
and 189 GeV, and the Bhabha un-
polarized differential cross section
(in nine intervals of the cosine of
the scattering angleat 189 GeV.
The inner ellipses are the projec-
tion of the intersection of the
three-dimensional ellipse and the
AGC (dashed lingor TC (dotted
line) constraints. The small cross
marks the axes origin, correspond-
ing to the standard model case.
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FIG. 2. Two-dimensional pro-
jections of the 95% C.L. allowed
region in theds ; , space from a
global fit of LEP2 results on two
fermion production. The observ-
ables included in the fit are, ,,
Agg,,,-» andos measured at 183,
189, and 200 GeV, and the nine
angular measurements of the
Bhabha unpolarized cross section
at 189 and 200 GeV. We always
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C0SOmin dO’

Opg = d cosé, 4.1
[Omin -+ fmax Cosemaxd cosé ( )

1 costmin do”
ALR [0yin Omad Tl o] fcosgmaxd cosg Y €0S?
(4.2
1 c0s0min do?
Al Urin - Omad — O, O] Losgmaxd cosbld cosd,
4.3

-0.01

0 0.01 0.02 assumed the experimental mea-

8z surements to be coincident with
the standard model predictions.
About the errors, we took the
available actual experimental er-
rors for measurements at 183 and
189 GeV (as in Fig. 2 and a
purely statistical error at 200 GeV
under the assumption of an inte-
grated luminosity of 400 pb* for
each of the four LEP2 experi-
ments. The inner ellipses are the
projection of the intersection of
the three dimensional ellipse and
the AGC(dashed lingor TC (dot-
ted line constraints.

measurement. This statement is well in agreement with the
results of a recent numerical analysis of LEP2 2.

V. CONCLUSION

In conclusion, we have shown that, for a class of theoret-
ical models of new physics that is certainly not empty, the
generalization of th&-peak subtracted approach to the case
of Bhabha scattering can be simply performed, leading in
general to improvements of the information that might be
obtained. As a general statement, Bhabha scattering always
appears to be relevant; for models of universal type, polar-

Tables V and VI contain numerical results for universalized and unpolarized observables play a crucial role in the
and nonuniversal models. As a general feature, one noticéketermination of the bounds for the different parameters; in
that in the universal case the limits afl three parameters Other nonuniversal interesting cases, such as, in particular,
8.5, are substantiallya factor of 3 improved by the use of that of extra dimensions, unpolarized Bhabha observables
Bhabha observables. The interesting feature is that, in eacd#PPear to play a fundamental role.
case, different Bhabha observables play the crucial role. In

fact, §; is mostly affected by, (in both angular directions

Js (as one expectss most affected by, g (in the forward
cong, and J,, is most affected by the unpolarized (again,

for very small angles In the considered nonuniversal cases,
the effect is, again, not spectaculaithough not negligible

for the contact terms. Quite the contrary, there would be a
large (a factor 2 effect in the case of extra dimensions,
mostly due to the unpolarized cross section at small angles.

APPENDIX: GENERAL FORM OF THE POLARIZED
BHABHA SCATTERING CROSS SECTION

97 e )T

dcose_( )dcos¢9+( + )dcosa
wprop) T Al
( )dcose’ (A1)

For this specific model of new physics, Bhabha scattering
therefore seems to represent a fundamental experimentaiith
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TABLE V. Linear collider. 95% C.L. bounds o4 ,, resulting from a global fit of LC data assuming
that data are taken at 500 GeV with an integrated high luminosity 500. fthe “non-Bhabha” observables
included in the fit arer;, Arg,, ALr, andos, wherel stands for a lepton. The “Bhabha” observables are
the unpolarized angular distribution and the two asymme#ijgsandA,| defined in the paper. Each of these
three observables is assumed to be measured in the same nine bins as in the LEP2 analysis. The central values
are assumed to coincide with the standard model predictions, and the errors are purely statistical. The first
column is obtained without including the Bhabha observables in the fit. The second column is with all the
Bhabha observables. The next three columns are obtained including in the fit only one of the, tAjeg
andA . Finally, the last two columns are obtained by using the three observables, but only in the forward
(backward cone.

Without Bhabha With all Bhabha o AR Al forw. back.
10* 6, 2.4 1.3 1.9 2.1 1.7 1.6 1.7
100 &, 1.4 0.8 1.3 0.85 1.3 0.82 1.3
10t o, 1.1 0.56 0.62 11 0.9 0.65 0.82
do™Nt 1 [t2+u? 2(q?—M2)

doosi~ Tom?| q¢ (V' rpo iz T mzrzg L T U (0VR0V) "+ (1P ) (0Vegk)”)

1 2u?

u
+ Mz zrzy L UILER)*+ (oR) 71 +4(u~ 1) (010K *] + or (0U202)?

2u2 2u%(g?—M32)

(a2 (D24 (g(Dy2 a2 (g2 (2)y2
+ ez DR+ R+ g (VD Te (67

u2

20%(g?~M7) @121 (@271 (D2t (D)2 (2) (DD (D) )4
([(9Ve) T (gne) T 1L(gVe) "+ (gne) 1+ 40ve AeQVegAe)+t_2(gvye)

_l’_
(t—M2)[(g?—M32)2+M32I'7]

2u? u?
+ oz OO+ (GR)1+ oy L(97R)7+ (R + 4(&2&@)2}} : (A2)
d0'2 1 q4 2q4 q4
- a4 aiN2r (g2 (g(Dy2 a2 (g{Dy272
dcosd  16mq2 = (9ve) +m22_)(gVe) [(9ve) = (gae) 1+ W{[(QVE) (re)’] }], (A3)

TABLE VI. Linear collider. 95% C.L. bounds on nonuniversal new physics scales for the considered
contact interactions and extra dimension models. Data sets and column meanings are as in Table V. Units are

in TeV.

Without Bhabha With all Bhabha o AR A forw. back.
AL 85 94 89 89 87 93 85
Arr 84 92 87 88 85 92 84
AR 66 120 120 66 87 110 110
ArL 81 130 120 81 94 110 110
Ayy 120 150 150 120 120 150 140
Aan 110 140 130 110 120 120 130
Apy 130 130 130 130 130 130 130
Ava 71 90 71 90 71 90 71
Aep 3.3 5.7 5.7 3.3 3.6 5.6 45
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doP u? 1 qz_Mg (V27 ~(2) ~(2) (2)(2) (2)y2 (2)y2
dcosd  4mg? [(g°—M3)2+M3I'3]\ ¢ (9ve) “(QveTae) +(9Vedae)[(9Ve) "+ (gne)]

0>~ M7

2 2

q°—Mz
(02D g@) + (AN 2(a@ @) +
(gve) (g ) gVe) (gVegAe) (t—M%)[(qz—Mi)er Mirg]

vedre T (P - MPHZ+ MITZ]

. 1
92 (t—M3)
x{(g29(0?)2+(g2)21+ (0@ (g2 %+ (g2)21}

1 1
* iz (O OV + e oveaal () (55\23)2]}1 - (A4)

[1] LEP Collaborations ALEPH, DELPHI, L3, Opal, the LEP [13] J. Hewett, Phys. Rev. Let82, 4765(1999; T. Rizzo, Phys.
Electroweak Working Group and the SLD Heavy Flavour and Rev. D59, 115010(1999.

Electroweak Groups, CERN-EP/99-15. [14] LEP EWWG ff_Subgroup, “Combination of the LEPE Re-
[2] F. M. Renard and C. Verzegnassi, Phys. Rev5® 1369 sults,” LEP2FF/99-01, ALEPH 99-082 PHYSIC 99-030,
(1995; 53, 1290(1996. DELPHI 99-143 PHYS 829, L3 Note 2443, OPAL TN616;
[3] F. M. Renard and C. Verzegnassi, Phys. Rev5®) 4370 LEP EWWG ff Subgroup: http://www.cern.ch/LEPEWWG/
(1997; M. Beccaria, G. Montagna, O. Nicrosini, F. Piccinini, lep2/.
F. M. Renard, and C. Verzegnashbid. 58, 093014(1998; M. [15] The OPAL Collaboration, G. Abbiendét al, “Test of the
Beccaria, P. Ciafaloni, D. Comelli, F. Renard, and C. Verzeg- Standard Model and Constraints on New Physics from Mea-
nassi, Eur. Phys. J. €0, 331(1999. surements of Fermion Pair Production at 189 GeV at LEP,”

[4] A. Blondel, F. M. Renard, L. Trentadue, and C. Verzegnassi, CERN-EP/99-097, 1999.
Phys. Rev. D54, 5567(1996; M. Beccaria, F. M. Renard, S. [16] ZFITTER, D. Bardinet al, Phys. Lett. B255 290 (1991);

Spagnolo, and C. Verzegnassi, Phys. Letd48, 129(1999. Nucl. Phys.B351, 1 (1991); Z. Phys. C44, 493(1989.

[5] R. S. Chivukula, F. M. Renard, and C. Verzegnassi, Phys. Re\17] TOPAZ0, G. Montagna, O. Nicrosini, G. Passarino, F. Picci-
D 57, 2760(1998. nini, and R. Pittau, Comput. Phys. Commui, 328 (1993.

[6] M. Beccaria, F. M. Renard, S. Spagnolo, and C. Verzegnassi,18] KK2f, S. Jadach, B. F. L. Ward, and Z. \WaPhys. Lett. B
Phys. Lett. B475 157 (2000. 449 97 (1999.

[7] M. E. Peskin and T. Takeuchi, Phys. Rev. Lé&, 964(1990. [19] BHWIDE, S. Jadach, W. Placzek, and B. F. L. Ward, Phys.

[8] G. Altarelli and R. Barbieri, Phys. Lett. B53 161 (199J. Lett. B 390, 298 (1997.

[9] M. Beccaria, P. Ciafaloni, D. Comelli, F. M. Renard, and C. [20] ALIBABA, W. Beenakker et al, Nucl. Phys. B349 323
Verzegnassi, Phys. Rev. 61, 073005(2000. (1991.

[10] K. Hagiwara, S. Ishihara, R. Szalapski, and D. Zeppenfeld[21] F. M. Renard and C. Verzegnassi, Phys. Rev5® 4370
Phys. Rev. D48, 2182(1993. (1997; M. Beccaria, F. M. Renard, S. Spagnolo, and C. Verze-

[11] E. Eichten, K. Lane, and M. Peskin, Phys. Rev. LB@, 811 gnassi, “New Physics Effects froe"e”—ff ata Linear Col-
(1983. lider: the role ofA g, , DESY/ECFA Report No. LC-TH-

[12] B. Schrempp, F. Schrempp, N. Wermes, and D. Zeppenfeld, = 1999-016.
Nucl. Phys.B296, 1 (1988. [22] D. Bourilkov, J. High Energy Phy<€8, 006 (1999.

053003-12



